Background: Gastrointestinal (GI) tract symptoms are common among patients with diabetes mellitus (DM) seen in tertiary care centers. The degree to which this reflects referral bias is unclear.
cant difference in prevalence was detected (residents with type 1 DM vs controls; residents with type 2 DM vs controls) for nausea or vomiting (12% vs 11%; 6% vs 6%), dyspepsia (19% vs 21%; 13% vs 17%), or constipation (17% vs 14%; 10% vs 12%). However, constipation and/or laxative use was slightly more common in residents with type 1 DM (27% vs 19%; PϽ. 15) , particularly in men, and was associated with the intake of calcium channel blockers.
Conclusions:
In the community, the prevalence of most GI tract symptoms is similar in persons with or without DM, except for a lower prevalence of heartburn and an increased prevalence of constipation or laxative use in residents with type 1 DM, especially in men. This difference is associated with calcium channel blocker use rather than symptoms of autonomic neuropathy. In communitybased practices, physicians should not immediately assume that GI tract symptoms in patients with DM represent a complication of DM. Med. 2000; 160:2808 -2816 G ASTROINTESTINAL (GI) tract symptoms are commonly reported in people with diabetes mellitus (DM). Feldman and Schiller 1 noted that 76% of the patients referred to a diabetic clinic in the United States had at least 1 GI tract symptom, and 60% reported constipation. Clouse and Lustman 2 found that more than 20% of the patients with DM from the registry of a General Clinical Research Center had nausea, abdominal pain, and diarrhea; however, only 12% had constipation. A third, more recent, study from a diabetes clinic in Germany 3 reported that constipation and nausea were more frequent in patients with type 2 DM compared with control subjects. These 3 studies all involved patients seen in tertiary care centers. In the only previous population-based survey to specifically measure GI tract symptoms in patients with DM, dysphagia, nausea, vomiting, abdominal pain, diarrhea, and constipation were equally common among middle-aged Finnish patients with type 1 DM, type 2 DM, and controls. 4 When patients with DM report GI tract symptoms, they are often thought to have autonomic neuropathy. In Britain, Maxton and Whorwell 5 reported an increased prevalence of constipation (22%), but only in patients with DM who had autonomic dysfunction. Conversely, Clouse and Lustman 2 found autonomic neuropathy in 25% of these patients with DM, but this was unassociated with GI tract symptoms. Two studies of neuropathy in persons with DM have included some measure of GI tract symptoms. In the Rochester Diabetic Neuropathy Study, 6 only 1% of the patients had symptoms of gastroparesis and only 0.6% had nocturnal diarrhea. Similarly, in the Pittsburgh Epidemiology of Diabetes Complications Study, 7 autonomic symptoms and, particularly, GI
Arch Intern

ORIGINAL INVESTIGATION
The affiliations of the authors appear in the acknowledgment section at the end of the article.
SUBJECTS AND METHODS
STUDY SETTING
Population-based research is feasible in Olmsted County, Minnesota, because medical care is virtually self-contained within thecommunityandprovidedbytheMayoandOlmstedCounty medical centers. Most endocrinologic care, is provided by the MayoClinic,Rochester,whichhasmaintainedacommonmedical record with its 2 large affiliated hospitals (Saint Mary's and Rochester Methodist) for over 90 years. Recorded diagnoses and surgical procedures are indexed, including the diagnoses madeforoutpatientsseeninofficeorclinicconsultations,emergency department visits, or nursing home care, as well as the diagnoses recorded for hospital inpatients, at autopsy examination, or on death certificates. 9 Medical records of the other physicians who serve the local population of approximately 100000 people, most notably the Olmsted Medical Center, are also indexed and retrievable. Thus, details of the medical care provided to the residents of Olmsted County are available for study through this unique medical records linkage system, the Rochester Epidemiology Project (REP 9 ).
STUDY SUBJECTS
Following approval by the Mayo Foundation and Olmsted Medical Center Institutional Review Boards, the present study used these REP resources to identify potential subjects: type 1 DM and type 2 DM cases and controls, aged 18 to 75 years, and residing in Olmsted County in 1995. The method of identification of cases of DM is described in detail elsewhere. 10 The REP diagnostic index is used to generate a list of Olmsted County residents assigned a clinical diagnosis of DM or DM-like condition during the study period. The complete inpatient and outpatient community-based medical records of these individuals are then reviewed to confirm case status. Diagnostic criteria for DM closely follow National Diabetes Data Group Investigators' 11 recommendations and consist of 2 consecutive fasting glucose levels of 7.8 mmol/L or higher (Ն140 mg/dL) or 1-and 2-hour levels of 11.1 mmol/L or higher (Ն200 mg/dL) obtained during a standard oral glucose tolerance test. The levels are based on the autoanalyzer ferrocyanide reductase technique for plasma, the method used at the Mayo Clinic since May 1972. Glucose values and case definitions are standardized over time to account for secular changes in diagnostic criteria and laboratory methods. Persons who fail to meet these criteria but for whom oral agents or insulin are used for at least 2 weeks also qualify as cases. Persons are classified as having type 1 DM or type 2 DM using an algorithm described in previous studies. 12 Persons are classified as having type 1 DM if age at diagnosis of DM (ie, fulfillment of National Diabetes Data Group Investigators' criteria) is younger than 20 years, or if they meet the following 3 criteria: (1) body mass index at diagnosis for men less than 27.8 kg/m 2 and for women less than 27.3 kg/m 2 ; (2) insulin therapy within 2 weeks of diagnosis and continued for at least 1 year or until death; and (3) evidence of ketones in serum or urine samples. Conversely, persons who are older than 20 years at diagnosis and do not meet all criteria for type 1 DM are classified as having type 2 DM.
To assist in identifying Olmsted County residents with DM in 1995, the present study took advantage of the previous identification of all individuals who met the National Diabetes Data Group Investigators' criteria and were residing in Rochester (Rochester is the Olmsted county seat) as of January 1, 1990 . 10 The 1990 study excluded county residents who lived outside of Rochester or persons who moved into the county or were diagnosed with DM after January 1, 1990 . In the present study, the list of 1990 prevalence cases was supplemented with the list of persons assigned a diagnosis of DM or DM-like condition in the REP diagnostic index from 1945 through 1995. Persons known to be deceased or who were younger than 18 years or older than 75 years as of January 1, 1995, were excluded.
The protocol aimed to obtain at least 150 persons in each group (ie, residents with type 1 DM, residents with type 2 DM, controls with type 1 DM, and controls with type 2 DM), which would provide a maximum SE of 4% for each specific proportion. To obtain the required sample of cases with type 1 DM, all individuals in the combined list with a known clinical type 1 DM from the 1990 study were identified. The complete medical records of these cases plus those for a random sample of the remaining individuals in the combined list were reviewed. Persons not residing in Olmsted County in 1995, those who underwent major abdominal surgery (other than appendectomy or cholecystectomy), those with a history of GI cancer or inflammatory bowel disease, or those with recent peptic ulcer disease were excluded as eligible study subjects. Non-English-speaking individuals (Ͻ2% of Olmsted County residents) and those with major psychiatric diagnoses that were considered likely to influence the ability to answer questions (ie, psychosis or dementia) were also excluded. For those individuals for whom case status and clinical type (type 1 DM vs type 2 DM ) were not obtained in the 1990 study, this information was also obtained; those who did not meet the National Diabetes Data Group Investigators' criteria for DMwere excluded.
Rochester Epidemiology Project resources were also used to identify controls. The REP provides what is essentially an enumeration of the population from which samples can be drawn. Each year, over 80% of the local population is attended by the Mayo Clinic or the Olmsted Medical Center; in any 3-year period, over 95% of Olmsted County residents are seen at least once at the Mayo Clinic or the Olmsted Medical Center. 9 Using this database, 2 separate samples of Olmsted County residents were drawn at random. The samples were age-and sex-stratified to approximate the age and sex distributions of the residents with type 1 DM and type 2 DM, respectively. The complete medical record of each potential control was reviewed to confirm that they did not meet criteria for DM prior to 1995, they resided in Olmsted County in 1995, and they met none of the other exclusionary criteria listed earlier.
A questionnaire (described in the following section) was mailed to all eligible persons with type 1 DM (n=261). For the samples of persons with type 2 DM and the nondiabetic controls, questionnaires were mailed to people in the order in which they were randomly selected until at least 150 persons responded. Thus, surveys were mailed to 378 eligible persons with type 2 DM, 380 eligible controls with type 1 DM, and 355 eligible controls with type 2 DM, for a total of 1374 potentially eligible subjects for the entire study. Repeated mailings were sent to the remaining nonresponders at 2, 4, and 6 weeks after the first mailing. A total of 112 surveys (8%) were returned with no forwarding address. The response tract manifestations (ie, nausea, constipation, and fecal incontinence) were rare.
Thus, the previous literature suggests that GI tract symptoms and autonomic dysfunction are both common in the DM clinics of tertiary referral centers; however, symptoms and neuropathy are not always related. In the community, GI tract symptoms are common regardless of whether a person has DM, and autonomic neuropathy is rare. 8 The only controlled population-based study to date involved subjects with DM aged 45 to 64 years; this only included 89 subjects with type 1 DM. 4 Consequently, we were concerned that GI tract symptoms in community-dwelling persons with DM were being inappropriately attributed to DM ("diabetic rates at the end of the 10th week after the first mailing were as follows: 56% (138/245) for residents with type 1 DM, 60% (217/360) for residents with type 2 DM, 53% (170/322) for controls with type 1 DM, and 65% (218/335) for controls with type 2 DM, giving a final total population of 1262.
SURVEY DESCRIPTION
The Bowel Disease Questionnaire was used to assess GI tract symptoms as previously described. 13 It concentrates on symptoms that have been proposed to differentiate among chronic peptic ulcer, functional dyspepsia, and irritable bowel syndrome (IBS). [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In addition to GI tract symptoms, this questionnaire includes past and present health items, health habit questions, and Psychosomatic Symptom Checklist-adapted questions. The Psychosomatic Symptom Checklist is reported to be a valid measurement of multiple somatic complaints 25 and has been used in many previous studies to adjust for tendencies to underreport or overreport symptoms. Subjects report how often and how bothersome 16 non-GI tract symptomsareonscalesof0through4(ie,0=noneornotand4=daily or extremely bothersome, respectively). Four symptoms potentially could be associated with DM and an autonomic dysfunction and, thus, were not used in the analysis.
Irritable bowel syndrome was defined using both the Rome 26 and Manning et al 14 criteria. Constipation required at least 2 of the following: (1) usually fewer than 3 bowel movements per week; (2) stool often hard (Ͼ25% of the time); (3) having to strain (Ͼ25% of the time); and (4) a sense of incomplete evacuation. Dyschezia required (1) straining (Ͼ25% of the time); (2) either incomplete evacuation or digital manipulation; and (3) absence of IBS by the Rome criteria. Diarrhea required (1) more than 21 bowel movements per week; (2) stool usually loose or watery (Ͼ75% of the time); and (3) absence of IBS by the Rome criteria. Fecal incontinence required problems with leakage of stool and wearing a pad to protect underclothes. Nausea or vomiting required either symptom to be present at least once a month. Dyspepsia required abdominal pain more than 6 times in the past year. Heartburn required a burning pain or discomfort in the chest at least once a month with 1 of the following: (1) awakened at night by heartburn; (2) heartburn travels up toward the neck; or (3) heartburn often made better by antacids.
Not to underestimate the prevalence of symptoms such as heartburn or constipation, which are common in the community, we modified these definitions further to include patients taking medications to control heartburn or constipation, even if they did not report these symptoms in their responses to the questionnaire. Therefore, wherever indicated, the "constipation and/or laxative" group included symptom criteria for constipation or use of laxatives, and the heartburn group included those who were taking medications such as acid blockers, antacids, and prokinetics to alleviate heartburn, even if they did not report the symptom when filling out the questionnaire.
The survey also included questions regarding symptoms of autonomic and peripheral neuropathy derived from the Neuropathy Symptom Profile developed by Dyck et al. 27 Numbness, heat sensation, or prickly feeling in any part of the body, or weakness in arms or legs were indicative of peripheral neuropathy. Insufficient sweating and sweating on the face after eating cheese (or gustatory sweating) were suggestive of autonomic dysfunction. Postural dizziness was not used as an index of autonomic dysfunction because very few subjects (1%) reported this and the rates were comparable between subjects with DM and controls.
Self-reported use of medication use was also obtained. Medications associated with constipation were grouped as follows: (1) calcium channel blockers, specifically diltiazem hydrochloride (Cardizem), verapamil hydrochloride (Isoptin), nifedipine (Adalat and Procardia); (2) clonidine (Catapres); (3) aluminum-based antacids; and (4) antidepressants with anticholinergic activities. Medications associated with gastroesophageal reflux were (1) antacids, except aluminum-based agents; (2) histamine 2 -blockers, specifically ranitidine hydrochloride (Zantac), nizatidine (Axid), famotidine (Pepcid), and cimetidine (Tagamet); (3) the prokinetic agent cisapride (Propulsid); and (4) the proton pump inhibitors omeprazole (Prilosec) and lansoprazole (Prevacid).
STATISTICAL ANALYSIS
The distributions of affirmative responses for specific questions and sets of questions (eg, Rome criteria for IBS) were summarized as prevalence rates (percentages) among patients responding to the questionnaire from each subgroup (residents with type 1 DM or type 2 DM, and each corresponding group of controls). The Psychosomatic Symptom Checklist score was derived by calculating the mean rating (rating range, 0-4) across the 12 symptoms separately for both often and bothersome responses and then averaging these 2 values (averaging range, 0-4).
Differences in prevalence were assessed using a logistic regression analysis to estimate the association between specific GI tract symptoms or symptom complexes (the binary dependent variable) and survey subgroups (coded as dummy regression variables with overall controls as the reference group). These analyses incorporated age, sex, Psychosomatic Symptom Checklist score and, in some cases, other covariates (eg, medication use) as potential confounders. The odds ratios (ORs) and 95% confidence intervals (CIs) for specific symptoms of persons with DM vs controls were estimated from the coefficients in the logistic regression models. The logistic model for constipation and/or laxative use adjusted for use of constipating drugs as well as symptoms indicative of potential peripheral or autonomic neuropathy. The development of the model for constipation and/or laxative use indicated an interaction between the effects of sex and Psychosomatic Symptom Checklist scores with survey subgroups, details are presented in the "Results" section.
enteropathy"). Our aims were to determine whether GI tract symptoms are more prevalent in unselected pa tients with DM from the general community compared with their age-and sex-matched counterparts without DM and, furthermore, to assess the association of GI tract symptoms in persons with DM with psychosomatic symp toms, medication use, and symptoms of autonomic neuropathy. Table 1 lists the demographics of the study population. As expected, residents with type 1 DM had a younger median age and longer median duration of their disease than residents with type 2 DM. Residents with type 1 DM were also slightly younger (median age, 40 years vs 44 years for controls; PϽ.05), less likely to drink alcoholic beverages (PϽ.05), and slightly less likely to be married (P = .07) than their matched controls. In comparison with their corresponding controls, residents with type 2 DM were less likely to drink alcoholic beverages (PϽ.05) and fewer were college graduates (PϽ.05). No significant sex differences were noted between subgroups.
RESULTS
CHARACTERISTICS OF STUDY POPULATIONS
PSYCHOSOMATIC SYMPTOMS CHECKLIST SCORES
Women had higher Psychosomatic Symptom Checklist scores than men (PϽ.001). Women with type 2 DM had the highest scores, although the differences in scores by sex between residents with DM and their respective controls were not statistically significant. Among women, the mean (±SE) Psychosomatic Symptom Checklist scores were 0. As in previous studies, the Psychosomatic Symptom Checklist score was significantly associated with the reporting of individual GI tract symptoms (PϽ.01). However, no sex prevalence by Psychosomatic Symptom Checklist score interaction was detected, ie, the overall association between reporting GI tract symptoms and Psychosomatic Symptom Checklist scores was similar in men and women. The associations between Psychosomatic Symptom Checklist score and symptoms are given for constipation and heartburn in Table 2 . Table 3 lists the distribution of selected medication use in the study population. Overall, patients with DM tended to use laxatives more than their corresponding controls. This was most evident in men with type 1 DM (PϽ.05), even though women used laxatives much more overall (21.7% in women vs 6.9% in men). For both type 1 and type 2 DM, less acid-reducing medication was used by the residents with DM (PϽ.05). Calcium channel blockers were more commonly used among residents with either type of DM than among corresponding controls (PϽ.05). Antacid use was less frequent among residents with DM (both type 1 and type 2 DM) than their respective controls (PϽ.05). Residents with type 1 DM were less likely to use nonsteroidal antiinflammatory drugs than their respective controls (PϽ.05), whereas there was no difference in nonsteroidal anti-inflammatory drug (NSAID) use between residents with type 2 DM and their respective controls. Among residents with type 2 DM, 55% used insulin for optimal management of DM, but they did not fulfill diagnostic criteria for type 1 DM. Table 4 gives the prevalence of GI tract symptoms in persons with DM and matched controls residing in Olmsted County. The prevalence of GI tract symptoms among residents with type 2 DM and type 1 DM was similar to that among community controls of similar age and sex in each instance, except for decreased heartburn in residents with type 1 DM (PϽ.05). The prevalence of dyspepsia, nausea, vomiting, IBS, dyschezia, or fecal incontinence was not significantly different in residents with either type 1 or type 2 DM relative to their respective controls. No subjects met the definition of diarrhea.
MEDICATION USE
PREVALENCE OF GI TRACT AND NEUROLOGIC SYMPTOMS
As also given in Table 4 type 2 DM was associated with symptoms of peripheral neuropathy, specifically numbness in any part of the body (PϽ.01) and weakness of the muscles of the extremities (PϽ.05). No difference was noted in the prevalence of autonomic symptoms overall among the groups studied, although residents with type 1 DM were more likely to report insufficient sweating.
CONSTIPATION
The combination of constipation and/or laxative use was somewhat more common among residents with type 1 DM than their respective controls (26.8% vs 19.4%), but was similar between residents with type 2 DM and their respective controls (22.6% vs 21.6%). Subjects taking calcium channel blockers had greater odds (relative to those not taking calcium channel blockers) for reporting constipation or laxative use *PSC score indicates less than or equal to the median value PSC score for all subjects; high PSC score, greater than or equal to the median value PSC score for all subjects. (PϽ.05). Also, residents with higher Psychosomatic Symptom Checklist scores and women overall reported constipation and/or laxative use more often (PϽ.005 and PϽ.001, respectively). Though overall both subgroups of residents with DM reported constipation and/or laxative use more often than their respective controls (26.8% and 22.6% vs 20.6%), the odds for constipation and/or laxative use in residents with type 1 DM (relative to their respective controls) depended on sex and Psychosomatic Symptom Checklist score (PϽ.05 for both interaction terms). Table 5 lists the effects of DM, sex, Psychosomatic Symptom Checklist score, and constipating drug use on the reporting of constipation and/or laxative use. Males with type 1 DM reported greater constipation and/or laxative use relative to male controls, both in the absence (OR=3.53, 95% CI, 1.52-8. 19 ) and the presence (OR=2.92, 95% CI, 1.28-6.64) of constipating drugs. In contrast, the ORs for constipation and/or laxative use in females with type 1 DMwas similar to controls (OR=0.96 [whether or not they used constipating drugs]). Although a greater proportion of females with type 2 DM taking constipating drugs reported constipation and/or laxative use (44.1%) than their corresponding controls (37.1%), the OR (0.80) was not statistically significant after adjusting for Psychosomatic Symptom Checklist scores.
Although univariately, insufficient sweating (PϽ.001) and numbness (P = .06) were associated with reported constipation and/or laxative use, insufficient sweating was only borderline significant (P = .07) in the final multiple logistic regression model for constipation and/or laxative use.
HEARTBURN
The proportions reporting either heartburn or use of acid-reducing medications were 18.8% for residents with type 1 DM vs 36.5% for their respective controls, and 24.0% for residents with type 2 DM vs 36.2% for their respective controls. As summarized in Table 6 , residents taking NSAIDs had greater ORs for reporting heartburn and/or acid-reducing medication use relative to those not taking NSAIDs (PϽ.001) and this was similar for residents with type 1 DM, residents with type 2 DM, and their respective controls. Again univariately, insufficient sweating, numbness, and muscle weakness were associated with heartburn and/or acidreducing medication use, though only insufficient sweating and numbness remained significant in the final multiple logistic regression model. After adjusting for age, sex, Psychosomatic Symptom Checklist scores, smoking, NSAID use, and autonomic and peripheral neuropathy symptoms, controls had greater ORs for either heartburn or use of acid-reducing medications compared with residents with DM (OR = 2. 
COMMENT
This population-based study of the prevalence of GI tract symptoms in persons with DM addressed the asso- ciation between GI tract symptoms, psychosomatic symptoms, medication intake, and autonomic and peripheral neuropathy symptoms in a representative sample of persons with DM in Olmsted County, Minnesota. We were particularly interested in assessing the intake of medications that commonly cause GI tract symptoms because the contribution of medications to the prevalence of GI tract symptoms has not been assessed in the reported literature. This study has 3 key findings. First, the prevalence of most GI tract symptoms (ie, nausea, vomiting, dyspepsia, diarrhea, or fecal incontinence) was no greater among residents with DM than controls of similar age and sex. Second, the prevalence of heartburn was lower in residents with type 1 DM. Third, the higher prevalence of constipation and/or laxative use seen in residents with type 1 DM was associated with medications, but not autonomic neuropathy symptoms.
This confirms and extends, in a US population, the previous findings of Janatuinen et al 4 in Finland who sent a postal questionnaire to 624 patients with DM and 648 controls (both groups were aged from 45 to 64 years) randomly selected from a hospital catchment population of 250000 persons. In their study, mild symptoms were very common, but no differences were detected in the prevalence of dysphagia, nausea, vomiting, abdominal pain, diarrhea, or constipation among patients with type 1 DM, patients with type 2 DM, and controls. The only differences were that patients with type 2 DM and men with type 1 DM reported significantly more laxative use, patients with type 1 DM had less heartburn, and women with type 2 DM had undergone more cholecystectomies than controls. Since this Finnish study was limited to middle-aged people with DM, the number of patients with type 1 DM was smaller (n=89), and only 1 control group was assembled.
Many studies, including our own, have indicated that GI tract symptoms are common in the general population. 4, 26, [28] [29] [30] [31] For the most part, people with GI tract symptoms in the community are thought to have functional GI disorders rather than undiagnosed organic conditions. 26 The similarity in symptom prevalence between the population-based diabetic and nondiabetic persons suggests that most of the GI tract symptoms that occur among unselected patients with DM are, in fact, functional in origin and do not represent a distinct diabetic enteropathy. Indeed, to postulate that a significant number of population-based diabetic persons have their GI tract symptoms secondary to DM implies that DM somehow "protects" people from GI tract disorders that the general population experiences. In a way, DM does protect people from functional GI tract disorders because the label "functional" is not applied to people with known organic illnesses. However, we believe that GI tract symptoms not explained by anatomical or biochemical abnormalities should be considered functional, regardless of whether the patient has DM.
Why might subjects with type 1 DM have less heartburn? It is not because of increased use of acidreducing medications; in fact, our data showed that fewer residents with type 1 DM used antacids, H 2 -receptor antagonists, and proton pump inhibitors. More residents with type 1 DM used prokinetics, but this proportion was small (1.5%) and could not explain the difference. Persons with DM were less likely to use alcohol and NSAIDs, but the inverse association between type 1 DM and heartburn was significant after adjusting for these covariates. Heartburn is associated with obesity, 32 and subjects with type 1 DM may have been leaner than their respective controls. We did not directly measure height or weight in this study and, therefore, cannot address that possibility. Another alternative explanation is that persons with DM have an increased prevalence of atrophy of gastric mucosa and impaired gastric secretion. 33, 34 "Autovagotomy" among persons with DM has been shown by assessment of gastric acid secretion in response to maximal histamine stimulation 35 and by histological assessment. 34 However, our study did not identify other symptoms associated with such an autovagotomy.
The overall prevalence of constipation was similar in persons with DM and nondiabetic controls. The overall age-and sex-adjusted (to the 1980 US white population) prevalence of constipation symptoms for the total sample in this study was 19.4%, which is similar to the 19.2% (95% CI, 16.1-22.3) previously reported in the same community. 31 However, patients with type 1 DM, particularly men, reported more laxative use compared with control subjects. The prevalence of combined constipation and laxative use was greater among those with type 1 DM. Our results differ from those of Janatuinen et al 4 who found that it was the patients with type 2 DM rather than type 1 DM who used laxatives more than controls.
The prevalence of constipation and/or use of laxatives in the community controls was clearly related to sex. Thus, 26.5% of female controls and 6.6% of male controls reported constipation; these prevalence rates were, as expected, even higher among those using medications that are associated with the side effect of constipation (37.1% among females and 19.1% among males). The most commonly reported drug class associated with constipation in persons with DM was calcium channel blockers. Despite this high background prevalence of constipating drug use in the community, males with type 1 DM still experienced a significant increase in the prevalence of constipation. The tendency to report psychosomatic symptoms was not a significant confounder among males since they had the lowest median scores in the Psychosomatic Symptom Checklist (0.3 for those not using constipating drugs and 0.5 for those using such drugs).
Autonomic nervous system dysfunction occurs more commonly in persons with DM who have had the disease longer, 36, 37 and persons with type 1 DM have a longer duration of documented disease compared with persons with type 2 DM. However, in our study, autonomic symptoms were not associated with increased constipation, laxative use, or decreased incidents of heartburn, except for a borderline association (P=.07) between the symptom of insufficient sweating and constipation and/or laxative use. Similarly, in a study oftype 1 and type 2 DM, Clouse and Lustman 2 reported that autonomic neuropathy was not independently associated with the reporting of any GI tract symptoms. In that study, psychiatric illness rather than neuropathy had an independent effect on the reporting of the upper abdominal symptoms. As noted earlier, the Psychosomatic Symptom Checklist score was associated with reporting abdominal symptoms in our study.
Although persons with DM do not seem to have higher rates of GI tract symptoms, they are at risk for complications. The Rochester Diabetic Neuropathy Study 36 found that 66% of the persons with type 1 DM and 59% with type 2 DM had some form of neuropathy, with 7% and 5%, respectively, having visceral autonomic neuropathy. However, only 1% had gastroparesis by symptoms. No population-based study of gastric emptying has been done to identify the prevalence of asymptomatic gastroparesis. This study also found that 79% of the patients with type 1 DM and 55% of the patients with type 2 DM had retinopathy and 16% and 32%, respectively, had elevated serum creatinine values suggestive of nephropathy. In a separate study, the cumulative incidence of peripheral vascular disease among residents of Rochester with DM was 15% at 10 years and 45% after 20 years. 38 
CONCLUSIONS
The prevalence of most GI tract symptoms in persons with DM in the community is similar to that of age-and sex-matched controls, except for a lower prevalence of heartburn and increased use of laxatives or constipation in residents with type 1 DM, particularly among men. This difference is associated with the use of medications that cause constipation, particularly calcium channel blockers. The presence of GI tract symptoms is not associated with autonomic symptoms. Our study suggests, first, that referral bias contributes to the conflicting reports in the literature between the prevalence of GI tract symptoms among persons with DM managed in the tertiary care setting compared with the general population. Second, medications can contribute to the reporting of certain GI tract symptoms such as constipation, and constitute a significant confounder that must be assessed and corrected for in any communitybased studies of GI tract symptoms. Two practical implications of our study are that persons with GI tract symptoms and DM should not be assumed to have gastropathy, enteropathy, or any other diabetic complication, and that a careful medication history is essential before resorting to more expensive anatomical or physiologic studies to determine the basis for symptoms such as constipation.
